The 
If the equivalent daily weighted vibration magnitude is unchanged, even though the vibration exposure pattern of daily work is varied, the severity of vibration at the end of a working day has a same value.
JIS B 4900, ISO 5349, and BS 6842 standards are not designed for prevention of reduced temporary sensory deficits or manual proficiency.
The study of vibrotactile TTS prediction after exposure to vibration has been investigated by various researchers5-15) and results have been obtained for effects due to many parameters, such as frequency of vibration, amplitude, exposure time, shock vibration, and grip force.
Also, the study of manual proficiency after exposure to vibration has been investigated16' ") However, the 'energy-equivalent' evaluation method involved in the production of vibrotactile TTS after exposure to various vibration patterns defined in JIS B 4900 is not well understood. In order to clarify the relationship between the equivalent tool vibration level and the temporary threshold shift in fingertip vibratory sensation after exposure to vibrations transmitted to the hand, this investigation evaluates the short-term effects of four kinds of hand-transmitted vibration patterns that have the same equivalent tool vibration level according to the JIS B 4900 standard determination methods for hand-transmitted vibration measurement on vibrotactile TTS. The operating hypothesis was that the vibration determination methods according to JIS B 4900 were appropriate for the evaluation of vibrotactile TTS produced by handtransmitted vibration.
MESUREMENT OF EQUIVALENT TOOL VIBRATION LEVELS
The equivalent tool vibration level was calculated using the following equation (1):
where a(t) is the instantaneous value of the frequency-weighted acceleration (ms 2), and t, and t2 are the time of the start and end of measurement, respectively, and ao is the reference vibration acceleration of 10 5 ms 2.
In the JIS B 4900 standard, the determination of equivalent tool vibration levels of the various vibration patterns is defined as follows:
(1) in the case of steady continuous vibration, the equivalent tool vibration level shall be measured;
(2) in the case of intermittent vibration with short pauses, the equivalent tool vibration level including pauses shall be measured; (3) in the case of intermittent vibration with long pauses, the equivalent tool vibration level for total vibration time of one train shall be measured; (4) in the case of repeated single bursts of vibration, the maximum level of each burst shall be determined at least several times to determine the arithmetical mean. The JIS B 4900 standard is based on the vibration exposure dose value. Therefore, even though the vibration exposure pattern is varied, the severity of vibration at the end of vibration exposure should have the same value if the equivalent tool vibration level is unchanged.
EXPERIMENTAL PROCEDURE

Stimuli
Four kinds of hand-transmitted vibration patterns were used as stimuli (see Fig.  1 ). The determination of the equivalent tool vibration levels of these four kinds of vibration is defined by the JIS B 4900 standard. The vibration was random with an octave bandwidth centered on a frequency of 125 Hz. The equivalent tool vibration level of all four kinds of vibration as shown in Figure  1 is Lvheq = 108.9 dB (2.8 ms 2 r.m.s.).
Experimental Apparatus
The experimental apparatus used is shown in Fig. 2 . The frequency-weighted r.m.s. acceleration of vibrating handle in Figure 2 was measured using the HVLab computer system'8 which was calibrated using a vibration reference source (Bri el and Kjaer type 4292). With an accelerometer mounted on the calibrator, the system channel was checked against a reference excitation of 10 ms-2 r.m.s. at 159.2 Hz. The accelerometer signals were conditioned by a charge amplifier, Bruel and Kjaer type 2635. The signals were low-pass filtered at 1,260 Hz to prevent aliasing and digitized by a 12-bit analogue to a digital converter at a rate of 5,000 samples per second. Analysis of digitized vibration data was carried out by personal computer with the HVLab software package'8. The frequency-weighted r.m.s. acceleration of the vibrating handle was controlled to remain at a magnitude of 2.8 ms-2 r.m.s. Data were analyzed using frequency-weighting methods according to JIS C 15112). Subjects Nine subjects participated in this study. The mean and standard deviation (SD) of their ages were 21.5 (SD 0.7) years. All subjects were healthy male students at Kinki University, having no history of neuromuscular or vascular disorders.
Procedure
To study the relationship between the equivalent tool vibration level and the vibrotactile TTS in fingertip vibratory sensation, the vibratory sensation threshold was measured before and after subjects were exposed to hand-transmitted vibration. The experiment was conducted using four kinds of hand-transmitted vibration patterns in a soundproof room. Room temperature was maintained in the range of 23° to 27°C. Vibration was applied to the right hand through a handle attached to an electrodynamic vibrator (BrUel and Kjaer type 4801T, 4812) for 10 minutes. Each subject was seated with his right forearm placed on a horizontal arm rest and right hand holding the vibrating handle. The push and pull forces were controlled at zero. The subject was instructed to hold the handle tightly and constantly with the fleshy part of the palm with a hand grip force of 5 N and while maintaining a relaxed posture. The grip force was monitored by a calibrated force gauge attached to the handle. The subject watched the meter to maintain his grip force at the appointed level. To prevent the subject's hand from being too cool, the temperature of the handle was controlled at 30°C.
The threshold of 125 Hz vibratory sensation was measured at the tip of the index finger of the right hand. Vibration thresholds were measured using the vibrotactile sensation meter (kION type AU-02A). Vbbrotactile thresholds were determined by the method of adjustment. In this method, measurements were taken three times within a period of less than 30 seconds after 10 minutes vibration exposure. Thresholds were calculated from the mean values of the three measurements obtained. The TTS was defined as the difference (in Decibels) of the vibrotactile thresholds before and after vibration exposure. In order to obtain the recovery of TTS, the vibrotactile thresholds were also measured at 1, 3, 5, 7, 10, 15, and 20 minutes after exposure. Consecutive sessions were separated by at least 6 hours. The noise level during the vibration exposure was 55 dB(A). During the measurement of the vibration sensation thresholds before and after exposure, the noise level was 35 dB(A).
The subjects attended 5 sessions. The 5 sessions included a control condition in which subjects held the handle but were not exposed to vibration. The order of presentation of stimuli in the 5 sessions was random. Table 1 summarizes the experimental conditions. Figure 3 shows the mean threshold shifts and the recovery processes of TTS measured in the four experimental conditions after 10 minutes of vibration exposure. Compared with the control condition in which subjects held the handle but were not exposed to vibration, at each of the vibration patterns in Figure 1 induced significant (p < 0.01) according to the test of the difference between means for independent groups, as shown in Fig. 3 . Table 2 shows the results of the analysis of variance. The vibration pattern effect was statistically significant (p < 0.01), and the subject effect was also statistically significant (p < 0.01). 
RESULTS
DISCUSSION
In Figure 3 , the TTS after exposure to repeated single burst vibration and the intermittent vibration with long pauses is much less than after exposure to the steady continuous vibration and the intermittent vibration with short pauses, even though equivalent tool vibration level was the same. Therefore, even with identical the equivalent tool vibration levels, the TTS after exposure to vibration depended on the pauses.
The TTS decreased with increasing pauses. When the equivalent tool vibration levels were constant according to JIS B 4900, the vibration effects on vibratory sensation thresholds should have remained constant if the evaluating method in JIS B 4900 effectively prevents neurological impairment.
The results indicate that the determination methods of the equivalent tool vibration level according to JIS B 4900 do not account for the effects of handtransmitted vibration on TTS. Also, the JIS B 4900 determination methods did not consider the time weighting for the effects of hand-transmitted vibration on TTS.
The results of this experiment imply that the method of determination of the equivalent tool vibration level underlying the JIS B 4900 standard is inappropriate for evaluation of the vibrotactile TTS produced by exposure to hand-transmitted vibrations that have the same equivalent tool vibration level according to JIS B 4900.
Therefore, in future consideration of the JIS B 4900 standard, the distinction between various determination methods, including steady continuous vibration, intermittent vibration with short pauses, intermittent vibration with long pauses, and repeated single burst vibration, must be investigated before considering the revision of JIS B 4900.
CONCLUSIONS
In order to clarify the relationship between the equivalent tool vibration level and vibrotactile TTS, this study investigated the effects of four types of vibration: steady continuous vibration; intermittent vibration with short pauses; intermittent vibration with long pauses; and repeated single burst vibration.
The results indicate the following:
(1) When the vibrations transmitted to the hand by steady continuous vibration, intermittent vibration with short pauses, intermittent vibration with long pauses and repeated single burst vibration have the same equivalent tool vibration levels according to the JIS B 4900 determination methods, the TTS after vibration exposure did not produce the same value.
(2) TTS following steady continuous vibration exposure and intermittent vibration exposure with short pauses may be evaluated by the methods contained in JIS B 4900.
(3) TTS following intermittent vibration exposure with long pauses and repeated single burst vibration exposure cannot be evaluated by the methods contained in JIS B 4900.
(4) The determination of equivalent tool vibration level underlying JIS B 4900 is an inappropriate basis for evaluating the vibrotactile TTS produced by intermittent vibration with long pauses, or the TTS produced by the repeated single burst vibration.
